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(57) Abstract : 

PROBLEM TO BE SOLVED: To improve photoelectric conversion 

eff iciencystability and durability by providing an adsorbing film by at 

least one kind of perylene derivative on a base material of a 

semiconductor. 

SOLUTION: A light semiconductor electrode has an adsorbing film by at 
least one kind of perylene derivative expressed by either of formula I 
and formula II on a base material of a semiconductor. In the formula I 
and the formula IIA represents a bivalent group expressed by formula 
III. In the formula IIIX represents a hydrogen atoma halogen atom or an 
alkyl group having the carbon number of 1 to 4Y represents a group 
bondable by reacting with the semiconductorand is desirably a group 
expressed by -(CH2)n~Z. HereZ is -C00H or -NH2and (n) is an integer of 0 
to 4. Titanium oxide is particularly desirable as the semiconductor from 
the viewpoint of a photoelectric conversion characterist icchemical 
stability and manufacturing facility. The light semiconductor electrode 
can be manufactured by soaking the base material of this semiconductor 
in a solution of the perylene derivative expressed by the formula I or 
the formula II. 



CLAIMS 



[Claim(s) ] 

[Claim l]An optical semiconductor electrode which has an adsorption film 
by at least one sort of a perylene derivative expressed with either a 
following general formula (la) and a general formula (lb) on a substrate 
of a semiconductorand is characterized by things. 
A general formula (la) 
[Formula 1] 

General formula (lb) 
[Formula 2] 



HoweverA expresses the divalent basis expressed with following general 
formula (II) among said general formula (la) and a general formula (lb). 
General formula (II) 
[Formula 3] 

HoweverX express the alkyl group of a hydrogen atoma halogen atomor the 
carbon numbers 1-4 among said general formula (II). Y expresses the 
basis which reacts to said semiconductor and can be combined. 
[Claim 2] the optical semiconductor electrode according to claim 1 whose 
Y is ~(CH 2 ) n -Z and a basis come out of and expressed in a perylene 
derivative expressed with either a general formula (la) and a general 
formula (lb). Howeverin said basisZ expresses -COOH or ~NH 2 . n expresses 
an integer of 0-4. 

[Claim 3]The optical semiconductor electrode according to claim 1 or 2 
whose semiconductor is titanium oxide. 

[Claim 4]A photoelectric conversion device which has at least a 
connecting means which connects an electrode of a couple immersed into 
an electrolytic solutionand an electrode of this couple so that 
energization is possibleand is characterized by one side of an electrode 
of this couple being the optical semiconductor electrode according to 
any one of claims 1 to 3. 

[Claim 5] In a photoelectric conversion method of making an electrode of 
a couple mutually connected so that energization was possible immersed 
into an electrolytic solutionand producing a photoelectric conversion 
reaction by irradiating at least one side of an electrode of this 
coupleA photoelectric conversion methodwherein an electrode which 



irradiates with said light is the optical semiconductor electrode 
according to any one of claims 1 to 3. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical 
semiconductor electrode which is efficiently availableand is excellent 
in photoelectric conversion eff iciencystabilityenduranceetc. and can 
carry out sunlight by low costthe photoelectric conversion device using 
itand the photoelectric conversion method. 
[0002] 

[Description of the Prior Art] In recent yearsuse of sunlight attracts 
attention as an energy resource replaced with fossil fuelssuch as 
petroleum and coal. As a photoelectric conversion device which 
transforms light energy into electrical energy directlythe dry type 
solar cell in which p-n junction was formed on inorganic 
semiconductorssuch as silicon and gallium arsenideis known widelyand it 
is already put in practical use as a power supply of the object for 
remote placesor a portable electronic deviceetc. Howeversince the energy 
and cost which the manufacture takes are very high in the case of said 
dry type solar cellthere is a problem that it is difficult to use widely. 
[0003]The wet solar cell whichon the other handused the 
photoelectrochemical reaction which occurs by the interface of a 
semiconductor and an electrolytic solution as another photoelectric 
conversion device which transforms light energy into electrical energy 
is known. Semiconductors used in said wet solar cellsuch as titanium 
oxide and tin oxideAs compared with the silicon used in said dry type 
solar cellgallium arsenideetc. it can manufacture at far low energy and 
costand titanium oxide is especially expected as a future energy 
conversion material from excelling in both sides of a photoelectric 
transfer characteristic and stability. Howeverit cannot be said that 
they can use only the ultraviolet radiation which is about 4% of 
sunlightbut their conversion efficiency is high enough since stable 
optical semiconductorssuch as titanium oxidehave the band gap as large 
as not less than 3 eV. 

[0004] On the surface of this optical semiconductoras sensitizing dye 
Thenorganic coloring mattersuch as cyanine dye and a xanthene dyeTo make 
organometallic complexessuch as a tris (22' -bipyridyl) ruthenium (II) 



complexadsorband to carry out spectral sensitization is triedit is known 
that it is a method effective in improvement in conversion efficiency (T. 
— OsaM. FujihiraNature. and 264349 (1976).) Brian 0' ReganMichael 
GratzelNature353736 (1991) JPl-220380Aetc. 

[0005]Howeverneither cyanine dye nor a xanthene dye is enough in respect 
of stabilityenduranceetc. and on the other handalthough the organic 
ruthenium complex is excellent in respect of conversion 
eff iciencystabilityetc. it has the problem of being expensive. 
Thereforethe actual condition is that high conversion ef f iciencythe 
optical semiconductor electrode cheap at high durabil itythe 
photoelectric conversion deviceand the photoelectric conversion method 
are not yet provided. 
[0006] 

[Problem (s) to be Solved by the Invent ion] This invention solves many 
problems in said formerand makes it a technical problem to attain the 
following purposes. That isan object of this invention is to provide the 
optical semiconductor electrodephotoelectric conversion deviceand the 
photoelectric conversion method of it being efficiently availableand 
excelling in photoelectric conversion 

eff iciencystabilityenduranceetc. and carrying out sunlight by low cost. 
[0007] 

[Means for Solving the Problem] Said The means for solving a technical 
problem is as follows. That isit is an optical semiconductor electrode 
which has an adsorption film by at least one sort of a perylene 
derivative expressed with either a following general formula (la) and a 
general formula (lb) on a substrate of <1> semiconductorand is 
characterized by things. 
[0008] General formula (la) 
[Formula 4] 



[0009] General formula (lb) 
[Formula 5] 



[00 10] However A expresses the divalent basis expressed with following 
general formula (II) among said general formula (la) and a general 
formula (lb). 

[0011]General formula (II) 
[Formula 6] 



[0012]HoweverX express the alkyl group of a hydrogen atoma halogen 
atomor the carbon numbers 1-4 among said general formula (II). Y 
expresses the basis which reacts to said semiconductor and can be 
combined. 

an optical semiconductor electrode given in a claim <1> whose Y is - 
(CH 2 ) n -Z and a basis come out of and expressed in a perylene derivative 
expressed with either <2> general formulas (la) and a general formula 
(lb). Howeverin said basisZ expresses -COOH or -NH 2 . n expresses an 
integer of 0-4. 

<3> semiconductors are optical semiconductor electrodes given in the 
above <1> or <2> which is titanium oxide. 

[0013] It has at least a connecting means which connects an electrode of 
a couple immersed into <4> electrolytic solutionsand an electrode of 
this couple so that energization is possibleand one side of an electrode 
of this couple is a photoelectric conversion device characterized by 
being an optical semiconductor electrode of a statement from the above 
<1> at either of <3>. 

[0014] <5> In a photoelectric conversion method of making an electrode of 
a couple mutually connected so that energization was possible immersed 
into an electrolytic solutionand producing a photoelectric conversion 
reaction by irradiating at least one side of an electrode of this 
coupleAn electrode which irradiates with said light is the photoelectric 
conversion method characterized by being an optical semiconductor 
electrode of a statement from the above <1> at either of <3>. 
[0015] 

[Embodiment of the Invention] (Optical semiconductor electrode) The 
optical semiconductor electrode of this invention has an adsorption film 
by at least one sort of a perylene derivative expressed with either a 
following general formula (la) and a general formula (lb) on the 
substrate of a semiconductor. 

[0016]- Substrate of a semiconductor - As said semiconductortitanium 
oxidetin oxidetungstic oxidea zinc oxideindium oxideniobium 
oxidestrontium titanateetc. are mentionedfor example. These may be used 
by an one-sort independent and may use two or more sorts together. 
Especially in this inventionthe reasons of a photoelectric transfer 
characteristicchemical stabilitymanufacture easeetc. to titanium oxide 
is preferred also in these. 

[0017]There is no restriction in particular about the shape of the 
substrate of said semiconductorstructureand a sizeand it can choose 
suitably according to the purpose. In this inventionit may be a 



substrate which consists only of said semiconductorand may be a 
substrate which forms the coating membrane of said semiconductor on an 
electrode with publicly known tabular [ by the transparent electrode by 
ITO glassNesa glassetc. platinumcopperblack leadetc. ] or mesh state 
electrode etc. for example. In the case of the latter substratethis 
coating membrane may be provided the whole surface on said publicly 
known electrodeand may be provided in part. 

[0018]- Adsorption film - Said adsorption film is formed of at least one 
sort of a perylene derivative expressed with either a following general 
formula (la) and a general formula (lb). 
[0019] General formula (la) 
[Formula 7] 

[0020] General formula (lb) 
[Formula 8] 

[0021] However A expresses the divalent basis expressed with following 
general formula (II) among said general formula (la) and a general 
formula (lb) . 

[0022] General formula (II) 
[Formula 9] 

[0023]HoweverX express the alkyl group of a hydrogen atoma halogen 
atomor the carbon numbers 1-4 among said general formula (II). The basis 
which expresses the basis which Y reacts to said semiconductor and can 
be combinedand is expressed with -(CH 2 ) n ~Z (hereZ expresses -C00H or - 
NH 2 . ) n expresses the integer of 0-4. It is desirable and especially the 
basis expressed with -(CH 2 ) n -C00H (n expresses the integer of 0-4.) is 
preferred. 

[0024]A desirable example of a perylene derivative expressed with either 
said general formula (la) and a general formula (lb) is shown below. 
[0025] General formula (la) 
[Formula 10] 



[0026] General formula (lb) 
[Formula 11] 



[0027] 
[Table 1] 



[0028] In the perylene derivative expressed with said general formula 
(la) and a general formula (Ib)Z is ~(CH 2 ) n ~CO0H (n) . The integer of 0- 
4 is expressed. The perylene derivative which is a basis expressed is 
compoundable by making a 34910-perylene tetracarboxylic anhydride and 
the compound expressed with following general formula (III) react. 
[0029] General formula (III) [Formula 12] 

[0030]Howeversaid general formula (III) X express the alkyl group of a 
hydrogen atoma halogen atomor the carbon numbers 1-4 inside, n expresses 
the integer of 0-4. 

[003l]The perylene derivative which is a basis as which Z is expressed 
in -NH 2 in the perylene derivative expressed with said general formula 
(la) and a general formula (lb) After making a 34910-perylene 
tetracarboxylic anhydride and the compound expressed with following 
general formula (IV) reactlt is compoundable using reducing agentssuch 
as zinc and stannous chlorideby changing the nitro group (~N0 2 ) of this 
general formula (IV) Naka into an amino group (-NH 2 ). 
[0032]General formula (IV) [Formula 13] 

[0033]HoweverX express the alkyl group of a hydrogen atoma halogen 
atomor the carbon numbers 1-4 among said general formula (IV). 
[0034] In a perylene derivative expressed with said general formula (la) 
and a general formula (Ib)Z is ~(CH 2 ) n ~NH 2 (n). An integer expressed 
with 0-4 is expressed. A perylene derivative which is a basis 
expressedAf ter making a 34910-perylene tetracarboxylic anhydride and a 
compound expressed with following general formula (V) reactlt is 
compoundable by changing a cyano group (-CN) of this general formula (V) 
Naka into a basis expressed with ~CH 2 NH 2 using reducing agentssuch as 
lithium aluminum hydride. 
[0035] General formula (V) 
[Formula 14] 

[0036]HoweverX express the alkyl group of a hydrogen atoma halogen 



atomor the carbon numbers 1~4 among said general formula (V). n 
expresses the integer expressed with 0-4. 

[0037] Can manufacture cheaply the perylene derivative expressed with 
said general formula (la) or (lb) and it is excellent in chemical 
stability and enduranceand is excellent in the holdout in the base 
material surface of said semiconductorand can carry out spectral 
sensitization of the optical semiconductor electrode stably and 
efficient over a long period of time. 

[0038] (Production of an optical semiconductor electrode) An optical 
semiconductor electrode of this invention is producible by making a 
substrate of said semiconductor immersed into a solution which dissolved 
at least one sort of a perylene derivative expressed with either said 
general formula (la) and a general formula (lb) for example. When 
preparing said solutionin order to increase the solubility of said 
perylene derivativeit is preferred to add an alkali or acid in proper 
quantity into said solution. 

[0039] In the case of a perylene derivative which is a basis as which Z 
is expressed in ~(CH 2 ) n ~C00H (n expresses an integer of 0-4. ) as a 
substance added into said solutionan alkali is preferred in a perylene 
derivative expressed with said general formula (la) and a general 
formula (lb). As said alkaliwhat can form a salt of said perylene 
derivativessuch as organic aminesuch as quaternary ammonium 
hydroxidesuch as inorganic alkalisuch as a potassium hydrateand 
tetraethylammoniumhydroxideand tetraethyl amineand fusibility is 
mentioned suitablyfor example. In this inventionsaid perylene derivative 
may be beforehand prepared as a salt with these alkalis. 
[0040] In the case of a perylene derivative which is a basis as which Z 
is expressed in -(CH 2 ) n ~NH 2 (n expresses an integer of 0-4. ) as a 
substance added into said solutionacid is preferred in a perylene 
derivative expressed with said general formula (la) and a general 
formula (lb). As said acidwhat can form a salt of said perylene 
derivativessuch as organic acidsuch as inorganic acidsuch as chloride 
and sulfuric acidacetic acidtrif luoroacetic acidand p-toluenesulfonic 
acidand fusibility is mentioned suitablyfor example. In this 
inventionsaid perylene derivative may be beforehand prepared as a salt 
with these acid. 

[0041] If a substrate of said semiconductor is taken out after said 
immersion and it dries after washing with arbitrary solventsan optical 
semiconductor electrode which an adsorption film by at least one sort of 
said perylene derivative reacts to a base material surface of said 
semiconductorand it comes to fix to it will be obtained. 



[0042]As a solvent which dissolves at least one sort of a perylene 
derivative expressed with either said general formula (la) and a general 
formula (lb) For examplevarious organic solventssuch as amide system 
solventssuch as ketone solventsuch as alcoholic solventsuch as methanol 
and isopropyl alcoholacetoneand methyl ethyl ketoneand N. N~ 
dimethylformamideor these mixed solventsare mentioned. These may be used 
by an one-sort independent and may use two or more sorts together. Also 
in thesealcoholic solvent is preferred. 

[0043] Although at least one sort of adsorption reactions of said 
perylene derivative to a base material surface of said semiconductor may 
be performed at a room temperaturethey may be heated to temperature 
below the boiling point of a solvent if needed. 

[0044]An optical semiconductor electrode of this invention produced by 
making it above can be used conveniently for the following photoelectric 
conversion devices and photoelectric conversion methods of this 
invention. 

[0045] (Photoelectric conversion device) A photoelectric conversion 
device of this invention has at least a connecting means which connects 
an electrode of a couple immersed into an electrolytic solutionand an 
electrode of this couple so that energization is possible. Said 
photoelectric conversion device may be provided with apparatus suitably 
selected according to the purpose etc. outside an electrode of said 
coupleand said connecting means. 

[0046] -A pair of electrodes - One side in an electrode of said couple is 
an optical semiconductor electrode of said this inventionand another 
side is a counterelectrode. As said counterelectrodeif electrochemically 
stablethere will be no restriction in part icularand according to the 
purposeit can choose from a publicly known thing suitablyfor examplecan 
choose from transparent electrodessuch as flat electrodessuch as 
platinumgoldand black leador IT0 glassand Nesa glassetc. suitably 
according to the purpose. 

[0047]- Connecting means - As long as it has a function in which an 
electrode of said couple can be connected as said connecting means so 
that energization is possiblethere is no restriction in particular and 
can choose suitably according to the purposebut. For examplea wire rod 
which consists of conductive materialssuch as a publicly known 
leadvarious metalcarbonand a metallic oxidein itselfa platea printed 
filmor a vacuum evaporation film is mentioned. This connecting means is 
connected to an electrode of said couple so that energization is 
possible. A photoelectric conversion device of the above this invention 
can be used conveniently for a photoelectric conversion method of the 



following this inventions. 

[0048] (A photoelectric conversion method) A photoelectric conversion 
method of this invention makes an electrolytic solution immerse an 
electrode of a couple mutually connected so that energization was 
possibleand produces a photoelectric conversion reaction by irradiating 
at least one side of an electrode of this couple. Those in an electrode 
of said couple who irradiate with light are the optical semiconductor 
electrodes of said this inventionand another side is said 
counterelectrode. Said connecting means can be used for connecting an 
electrode of this couple so that energization is possible. For this 
reasonas an electrode of said couple mutually connected so that 
energization was possiblea photoelectric conversion device of said this 
invention can be used. 

[0049]- Electrolytic solution - Although there is no restriction in 
particular and it can choose suitably as said electrolytic solutionFor 
examplesaltssuch as potassium chloridea lithium chloridepotassium 
carbonateand tetraethylammonium perchlorateNonaqueous solvent 
solutionssuch as solutionsuch as acidssuch as alkalisuch as sodium 
hydroxide and potassium carbonatesulfuric acidand chlorideor these 
mixturesor alcoholand propylene carbonateetc. are mentioned. These may 
be used by an one-sort independent and may use two or more sorts 
together. In this inventiona compound in which it is the purpose of 
attaining stabilization of the photoelectric current characterist icand 
also potassium iodidep-benzoquinoneetc. produce an oxidation-reduction 
reaction reversibly may be added to said electrolytic solution. 
[0050] (Photoelectric conversion reaction) In a photoelectric conversion 
device and a photoelectric conversion method of this inventiona 
photoelectric conversion reaction can be produced as follows. That isan 
above-mentioned electrodei. e. said optical semiconductor electrodeand 
said counterelectrode of a couple are first immersed into said nature 
solution of an electric field. Nextthis optical semiconductor electrode 
is irradiated with monochromatic light of a 300-650-nm wavelength 
bandwhite light which includes one in this wavelength band of zonesor 
multicolor light. Thenlight energy is transformed into electrical energy 
in this optical semiconductor electrode. At this timeit is changed into 
electrical energy very efficiently to light energy of visible light of 
not only ultraviolet radiation of a wavelength band below 300-400 nm but 
a 400-650-nm wavelength band. 

[0051]Even visible light which cannot be used with metallic-oxide 
independentsuch as titanium oxideby using said optical semiconductor 
electrode in this invention can use ef fectivelyAs a resultsynthetic use 



of lightssuch as sunlightis attained and light energiessuch as 
sunlightcan be transformed into electrical energy at high efficiency. 
And in said optical semiconductor electrode to be usedAn adsorption film 
by at least one sort of said chemical very stable perylene derivative 
has adhered to a base material surface of said semiconductor firmlyand 
this adsorption filmSince it is not easily desorbed from this optical 
semiconductor electrodethe characteristic of this optical semiconductor 
electrode is stabilized for a long period of timecan be maintainedand 
can always perform a photoelectric conversion reaction efficiently. 
[0052] 

[Example] Hereaf t era 1 though the example of this invention is 
describedthis invention is not limited to these examples at all. 
[0053] (Example 1) 

- 25 ml of production-alt. titanic acid tetraisopropyl of the optical 
semiconductor electrode was gradually added into the mixed solution of 
150 ml of deionized waterand the concentrated nitric acid 1. 54g 
(specific gravity: 1. 38) agitating violently. Temperature up was carried 
out to 80 **continuing churning furthermorechurning was continued at the 
temperature for 8 hoursand the milky stable titanium oxide colloidal 
solution was obtained. The above operation was performed under the dry 
nitrogen air current. This colloidal solution was condensed until 40 ml 
of viscous fluids remained at 30 ** under decompression of 30mmHg. In 
this waythe obtained viscous fluid was used as the titanium oxide 
colloidal solution. 

[0054]Said titanium oxide colloidal solution was coated with the spin 
coat method on ITO/glass base material as an electrodeand was calcinated 
at 500 ** for 1 hour. This operation was repeated 3 times and the 
titanium oxide enveloping layer about 1. 0 micrometer thick was formed on 
this ITO/glass base material. When the crystal structure of the obtained 
titanium oxide enveloping layer was checked with the X-ray diffraction 
methodit was checked that it is a mixture of an anatase and a rutile 
type. 

[0055]After 100 mg of mixtures and the potassium hydrate 0. 5g of a 
perylene derivative which are expressed with said general formula (Ia-1) 
and a general formula (Ib-1) in ITO/glass base material in which said 
titanium oxide enveloping layer was formed are immersed in the solution 
which dissolved in 50 ml of ethanol at 70-80 ** for 1 

hourmethanolwaterand acetone — subsequentlywith methanolit washed one 
by one and natural seasoning was carried out. Thenthe lead was connected 
to ITO/glass base material in which the titanium oxide enveloping layer 
is not formedboth terminal area was adhered with the epoxy resinand the 



optical semiconductor electrode as shown in drawing 1 was produced. 
[0056]When the ultraviolet and visible absorption spectrum of the 
produced optical semiconductor electrode is investigatedas shown in 
drawing 2 The same spectrum data as the ultraviolet and visible 
absorption spectrum by the mixture of the perylene derivative expressed 
with said general formula (Ia-l) and a general formula (Ib~l) is 
obtainedlt was checked that the adsorption film by the mixture of the 
perylene derivative expressed with said general formula (Ia-l) and a 
general formula (Ib~l) on said titanium oxide enveloping layer is being 
fixed. 

[0057] the optical semiconductor electrode 1 shown in drawing 1 — the 
glass base material 2 top — the ITO layer 3 and the titanium oxide 
enveloping layer 4 — andLaminating the adsorption film 5 by the mixture 
of the perylene derivative expressed with said general formula (Ia-l) 
and a general formula (Ib-1) in this orderthe end of these lamination 
sides and the terminal area with the lead 7 were covered with the epoxy 
resin as the adhesive agent 6and have adhered with it. 
[0058]- The optical semiconductor electrode 1 produced as mentioned 
above as shown in production- drawing 3 of a photoelectric conversion 
deviceThe platinum electrode selected as the counterelectrode 9 and the 
saturation Carmelo electrode selected as the reference electrode 10 were 
immersed in the electrolytic solution 11 in the transparent glass cell 
13each electrode was connected to the potentiostat 12using the lead 8 as 
a connecting meansand the photoelectric conversion device was produced. 
As said electrolytic solution 110. 1M sodium sulfate / 0. 02M potassium 
iodide solution was used. The lead 8 is connected to each electrode and 
energization has become possible. The lead 8 is accommodated in the 
glass tube. As the reference electrode lOthis photoelectric conversion 
device is equipped with the saturated calomel electrode so that 
energization is possible. The photoelectric conversion device was 
produced by the above. 

[0059]- holding in the photoelectric conversion device obtained by more 
than photoelectric conversion reaction -so that the potential of said 
optical semiconductor electrode may be set to 0V to said reference 
electrode — white light (the xenon lamp of 500W. ) It irradiated with 
illumination 40001ux or 550-nm monochromatic light (1 mW/cm 2 ) from the 
back side of said optical semiconductor electrode. The value of the 
photoelectric current by the photoelectric conversion reaction produced 
at this time was measured with the potentiostat. The measurement result 
was shown in Table 2. 

[0060] (Example 2) In Example Ithe mixture of the perylene derivative 



expressed with said general formula (Ia-1) and a general formula (Ib~ 
l)Like Example lthe outside replaced with the mixture of the perylene 
derivative expressed with said general formula (Ia~3) and a general 
formula (Ib~3) produced the optical semiconductor electrode and the 
photoelectric conversion devicerespectivelyproduced the photoelectric 
conversion reactionand measured photoelectric current. The measurement 
result was shown in Table 2. 

[0061] (Comparative example 1) The outside which did not make the mixture 
of the perylene derivative expressed with said general formula (Ia-l) 
and a general formula (Ib-1) adsorb on said titanium oxide enveloping 
layer in Example ILike Example lthe optical semiconductor electrode and 
the photoelectric conversion device were producedrespectivelythe 
photoelectric conversion reaction was producedand photoelectric current 
was measured. The measurement result was shown in Table 2. 
[0062] (Comparative example 2) It replaces with the mixture of the 
perylene derivative expressed with said general formula (Ia-l) and a 
general formula (Ib~l) in Example ILike Example lthe outside which used 
2457-tetraiodof luorescein (erythrosin B) produced the optical 
semiconductor electrode and the photoelectric conversion 
devicerespectivelyproduced the photoelectric conversion reactionand 
measured photoelectric current. The measurement result was shown in 
Table 2. 
[0063] 
[Table 2] 

[0064] 

[Effect of the Invention] According to this inventionmany problems in 
said former are solvable. According to this inventionthe optical 
semiconductor electrodephotoelectric conversion deviceand the 
photoelectric conversion method of it being efficiently availableand 
excelling in photoelectric conversion 

eff iciencystabilityenduranceetc. and carrying out sunlight by low cost 
can be provided. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]Drawing 1 is a section approximate account figure of the 
optical semiconductor electrode in Example 1. 



[Drawing 2] Drawing 2 is data of the ultraviolet and visible absorption 
spectrum of the optical semiconductor electrode in Example 1. 
[Drawing 3] Drawing 3 is an approximate account figure of the 
photoelectric conversion device in Example 1. 
[Description of Notations] 

1 Optical semiconductor electrode 

2 Glass base material 

3 ITO layer 

4 Titanium oxide enveloping layer 

5 Adsorption film 

6 Adhesive agent 

7 Lead 

9 Counterelectrode 

10 Reference electrode 

11 Electrolytic solution 

12 Potentiostat 

13 Glass cell 
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m&m 3 ] ¥mtet>\ mit^z s-z&zmmm 1 x 
[ft3c«5] miHzmmtimcmmztirc—ttnwM 

[0 0 0 1] 



[0 0 0 2] 

m^s turn -> y =i y 1 *& £ ©sat 

<b'<b LTflZCcaU14b&h.Tl*«. LfrU MIB^it*^ 
[0 0 0 3] — Tdv yfix^U^-^ttftx^yu^-tcS 

tt&Tmv&Mfv a>. #y ■> a- tfgiptjtR 
T-fcy, i^icKib^^vtiJWtaMsittttfijetttroPi 

A> K*> y 7# 3 e V J.X±<bI/;i^: 
46, *H3t©^4%Tfe^^7 , 6L*^'JfflT^-r, Xtt 

[0004] ft?, mx^mwcDmmz. mm&mt 

■¥>, MJX (2. 2' -tftfy->";l/) ibr-OA (II) 

C <b#Sn6*lTl/>& (T. O s a, M. F u j i h i r 
a. Nature. , 264. 349 (1976), B 
rian O' Regan, Michael Grat 
zel. Nature, 353, 736 (1991). 

miv 1-22038 om&mm) . 

[0 0 0 5] LfrL&tf^ i^XVfefjt^-tfV^y 
[0 0 0 6] 



(3) 
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[0 0 0 7] 

< 1 > ¥mw<Dmtt±iz. Tie— ftssx, da) si?— 
asit (i b) ©i^n^T-sati^'ju^^t*©^ 

[0 0 0 8] —USA (I a) 
[flS4] 




[0 0 0 9] -IfiSC ( I b) 
Mb 5] 




[0 0 10] ffiU BijfB— IfiiC (la) SI/— figs ( I 
b) A 14, TIE— flSit (ID T***l*2fflW>S£ 

*r. 

[0 0 1 1 ] HftiC (ID 
Kb 6] 




[0 0 12] fiU WB3— KSC (ID *\ Xli, 
/\ay>K?XU:MIHft1~44>7'Jl'*;l/S€a 

<2> -«SC (la) Stf-fiSit (lb) W-ftifr 

T-m^ti^'j^ymmmzis^x. vt\ - (c 

H 2 ) n - Zs "P«*n**Ta5aBI*5l< 1 >tCfBK 

®W¥*fttta. §u - t5iB»fcj3t v *\ -co 

OHX14-NH2 ^a-To nti, 0~4©ggfc=£S-ro 
< 3 > ttft** >Tfc*t5IB< 1 >Xl*< 

[ooi3] < 4 > mmnm^izmmtFtx^—ycicD 
*'i>a<tt«LTay. is-»©ma©— £tfBuiB< 

[0 0 14] <s> KWzmW.?l&lz&WiZtifc—tt 



[0 0 15] 

OTSli* ¥3?{*©Stt±t;: s TIB-fiSiC (I a) M 

— db) ©f-rtutnTsa-ns^'juvBsaM*© 
'i>&< 1 afc«t*isaiii**LTa*. 

[0 0 16] 

S«ia*34T-«fflLTtJ:^U 2l«±*«SU 

[ooi7] Huie¥*f*©«**©mtt, 
ic-3^Ti*»ic«Bii** < , a wtas u-rasswir * 

<0*aUB*«rtLT&S*«T*oT s t«fcC\ £«©£ 
tt©Jf^ s5»S&tet'jlE£ffl©fia±©£EKiatt6 

[0 0 18] -»»«- 
tiEKMn*. TIB— )S5C (la) Rl>"-iSS (lb) 

[0 0 19] -flSit ( I a) 
Mb 7] 




[0 0 2 0] — (Sit ( I b) 
lit 8] 




[00 2 1] flU huIB— SSiC (la) SI/ — flSit ( I 
b) <K Ali, TIB— fiSiC (II) T-aan^.2{ffi©S^ 

[0 0 2 2] — HSiC (II) 
Mb 9] 
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Hbi 0] 



[0 0 2 3] IU BUfB— test (II) Xit. Tk^S 

/\py>j^?xtigi^sii ~4W7';i/*;i/a^s 

fo Yli. 8yfB¥^tt<t£l£LT^U#3S2-SU 
- (CH 2 ) n -Z Tg^n^S (~~T\ Zli. - 
COOH3m-NH2 ^St„ nli, 0~4£0MUf^S 
"To ) tf»SL<, - (CH 2 ) n -COOH (nit. 
0~4(Dil2&£gir o ) TS^tt^gtf^lCj? $ Lt\ 
[0 0 2 4] MiB-BS5£ ( I a) SO— aSiC (lb)© 

[0 0 2 5] — flSiC (I a) 




[0 0 2 6] — HSit (I b) 
Hfc1 1] 




[0 0 2 7] 





A 




A 


I a-1 
I b-1 




1 a-6 

I b-6 


^^^(CH2) 2 -COOH 


I a-2 
lb-2 




Ia-7 
I b-7 


^^^{CHjJa-COOH 


I a-3 
I b-3 


XT™ 

CH 3 


I a-8 

r b-8 


^^^(CH^— COOH 


I a-4 

I b-4 


COOH 


I b-9 




I a -5 
I b-5 


v^^^CH^OOH 


I a-10 
I b-10 


\j^^CH 2 NH 2 



[0 0 2 8] MIB-fiSiC (la) Stf-flSiC (lb) T 

mztiz^j \s>mmmzts^z. z#- (ch 2 ) n 

-COOH (nits 0~4<DMWL*&?<, ) Z^tli) 
ST'S^^'J U>S§#W*x 3. 4, 9, 10-^'Jb 

TIB-*SS(III) T«* 
ft*fb£«i <t *SJS* 1±* d <!: It * »J aflitT&Z. t 

[0 0 2 9] Hfia(lll) 
Hb1 2] 



HOOC-tCHj)^ 



[0 0 3 0] §U hub 3 — USSi (III) «fu Xti, 7X^)S 
Mpy>ji?xii^igsii~4©7';i/*;i/S^a 

to nit. 0~4cVW$rftm? o 




[003 1] £tc. Buffi— lEiC (la) Slf — SfiiC ( I 
b) T-a?tl«^'J U>SW<*Kfcl^Tx Z^-NH 2 
-PS****-?**'*'; UVS&*(*tt. 3. 4, 9, 1 

o -^y Is>t- h^tsi^iymMM'iat, TIB— flS^d 

— mtaicDrnTzm^m^Ts m— flsstdv)^- hps 

(-NO2 ) ^7 = /l (-NH 2 ) tC^-T^CilC 
«fcy^J5)t-r^c:<!:6>T-#^>o 
[0 0 3 2] — «a(IV) 
[<b1 3] 

X 



O z N 




NH, 



NH 2 



[0 0 3 3] iBU JWE— «SC(IV)tt>» Xt*. tMRJS 
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[0 0 3 4] 8MB— «SC (la) St>— SSiC ( I 

b) vm^n^'j i>>mmmz]s^T. z&- (ch 

2 ) n -NH 2 (nli, 0~4 Tm&h2>mmzm. 
"To ) IIJnSST'fe^.'v'J UV^f ftli, 3, 4, 
9. 1 0— ^)\y->7-V3tl)^ymm^t. TIB— 
ASS* (V) TSi-ti^^^.h^SfS^-tJrfc^lc, 7k^ 
IbT^US-^y^^&^CDilTtS'J^ffl^T, K-flS 
it (V) ^CO-yT/m (-CN) ?-CH 2 NH2 T'S 

* n^* icassr £ £ «t k * y £j#"t ^ c <h ^= 

[0 0 3 5] H»a (V) 
Htl 4] 



[0 0 3 6] ffiU iiufB— flSit (V) tf, XW\ *XJS 

[0037] iijfs-fisie (ia)xi* (ib) ?i*n 

[0 0 3 8] (3fe¥9{**S<DfESD *«W<0*C¥»# 

mmit. mxif. aula— ass: da) stf-«Sie ( i 
b) ©cmfrTatrtis^y uvii#f*cD'>^< 

^ctie<fey^T^;r<h3b^T-*s„ me»»«im(r 
s»s «E^yu>flH»#©»jiitt****-«-sfci6 

[0 0 3 9] HufB^'tncfln^^Kt LTti. Mlfi— 

9SiC (la) «se (i b) z«*n*^y is>m 

mmctS^T. Z&- (CH2 ) n - COOH (nti, 
#{*<7>Ji£. tllltil^S LU\ HU§B^S14*!aK<t 

fc<t\ iafB^yu>s&«f*£^»tt<D**iBjSL»*'fe 

[0 0 4 0] ffilB»*t>lci)D*.*ttKd:LTU\ 
BulB-flgiC (la) Rtf-flSiC (lb) T**n%^'J 
U>§S3H*fc23l/>T* Ztf- (CH2 ) n -NH2 (n 
it. 0~4<7)^IS=&St-o ) TSfnSST'SS^Ul/ 
lttW6W$Ll\ BufB^tt^Kt 
L-Tliv Ofe fiftttSOSKttlfeSi* Rift. MJ 



7<l/*Di». p- h;l/X>7.;l/^>K*cDS^»35: 
IB^'J U>Sg***C*i6©«tt»Jlt<0*d: LTWH 

[0041] fflExaott. Bui3¥®#©stt^ixyai 
Lx eawjgjsicj;y^5f^ jarrst. tuiB^i* 

(DSttSffiKBulB^U U>B§«tt<D'>fc< 1 a(<:£ 
LIDS* tlT«:*>l6*»f*«afl t » 6tl 

[0 0 4 2] suIB-flSiC (la) StfHttSt (lb) W 

;H^;l/^ h>H£>^ h>^jg % N, N-^f;b* 
jl/AT'H KUcDT 7 - KXJmL Xliiltl6©;g^5§^ 

SLTtxfc^U 2aJ-X±£0ffflL.T i t><i:O\ ) CtiSW 

[0 0 4 3] BuIB^jSfttDSWaffi^tijfB^y 

<fcl\ 

[0044] u±(D^z>icLzmsnrc^mm<Dyt¥m 

[0045] (%«£&£{■) *9e^(03%«S^B 

[0046] — H(Dmm- 

tf, HfS#W*5tt®a. fc^CHi I TO #5 

[0047] -««*a- 

«!L«*ai)B*wr*Ky^ic*ijiBBa<. awictsu 

SSSS#ISl±, ti)IB-^<D«aicjimpl86(J:»ii^*n 
[0048] (««a*^S6) *«W©3taS»*S6 
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[0049] -mmmmm- 

«©fflH» ifBftth'J^ mm.ti l )^LM<OT)\fi3 
>J9k HUB. WtVQKfll* Hcfctts cne^g^S 

[0 0 5 0] (ftttX^TO *9tH4>%*£ft&E& 

©mas En^BuiB^^^ttmii.tBuiBSiPi^ict^Huia 
icaai-r«o *(c ts%¥*{**sic. 3 

0 0~6 5 0 n m<oa*«©*feJtt» KafcfiiSlcfcW-* 

t"£<ks ISft¥sif*mau:fc^Tftx*;i/rp-tfS 
mx^U^'-lC^^n^o CCDi^s 3 0 0-400 
nm*»©jSg«©*tt3fc©*fc5*\ 4 0 0~6 5 0 
n m©*6tt©^m»©ifcl*7l/:£-ST M &aa&T»W 
<fc < «Hli*Jl/#-tca»**i*. 

[0051] *^B^icfc-LNTiis ffiittmmwwmzm 

LT«»T*» «tc»*s*<tt«a*EI&*ff3Ct!:tf 
[0 0 5 2] 



[0 0 5 3] (Sflfflh) 

>* 1 5 0mi tmmm. i . 5 4 g (its : 1 . 38) 

» L < «J* L&tf5&* KM iUfc. 
■ZZizmft&mflZtfS 8 0°C(C^SU I^SgT*8P# 

□ -f KjSjS* 3 0 mm H g ©«E T 3 0 tTtttt©** 
4 0 m I $ T9M Lfco 21 3 LT»fc*Stt©«f* 

[0054] iaraMk^*>ap-r k«s*, «&<■: l 

T© I TO/«^7.S«±lCXtl°>=l-h^T=]-7 L 'C 
V^U 5 0 0tTmm«WlLfc. C©»ft*3S» 

mots A#iifi« x ngiatff sic j: y vsm Lfc <k c ^t 7 * 
* -x§y <k ;u§y t <d : ,%£W)T'So % z t ifm-t ti 

/Co 

[0 0 5 5] i9iBMffc**>»«Jf ^JMrtlfc I TO 
/tf77SH5, IMIB-ttsS ( I a - 1 ) atf-MSC 

(I b - 1 ) Tft«n«^U UVRSPflMDS^* 1 0 0 
mg&lfTk&fkay^AO. Sg^Z-^SOml 

iz&m Lfc*«(c 7 o ~ 8 o °ct- 1 ttnaai Lfc&s * 
u §«»s»s-&fc. 

[0 0 5 6] f^S-L/c^^ttSaO^pJtllSiRX^ 
? h/U^llil^fc<kiI^s 02fcsvr«fc-5fc, tuiB — HSiC 

(i a - 1 ) (i b- 1 ) T«*n*^y u 

c75X-^^ h;l/^-^6M#6+ls B4fBSKk5 1 ^>»as± 
icfiijIB-USiC (I a - 1 ) Rtf-SS5t ( I b - 1 ) 

*n*^y u>»3W*©s^fc<fc*««K#@£*ft 
[oo5 7] in 1 ic^ry6*»*«a i i±x 

2±IC, I T OH 3^ BHk* 4s Sl?s MI3 

— ssiC (i a - 1 ) atf— flsie ( i b - 1 ) 7-i?n^ 
l t & y s cine ©is® ®cT)4ggi?Rt>" y - Kit 7 <t <ds 

^SPl±Hg§iJ 6 ck LTfflx<|{*->tilll8?»a*tU US 

[0058] -9txmt^m<oam- 
m 3 ica%r «fe => ±iz<D& 5 icfps Litx&mwwm 
1 <ks «[R)^a9skLTis^Lfce^sasks #«8na 
1 o£LTMiRLrcmmt))i'*awm£*mm%is^x 
-t;n 3 tf (Dmrnnrnxi 1 ncaaiu s^c7)^@^s 
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1 2izmmLz. y£«Hfc£«*fM!Lfc. ihbtok 

1 tLTlt. 0. IMMthUfVO. 02 

[0 0 5 9] -%«ffi»S*B- 

(*ra©«ffi#HMB«S«Sfc» 0 V icfc* «fc 5 (C 
{SJtLTefeTt (5 0 0W(Dt-b/>7>^ B9JS4 0 
001 ux) Xli 5 5 0 n m©*feft ( 1 mW/ c 
m2 ) £MfSft¥#{*mffi©mffiO<fcy&»L7c. C©^ 

v h ic <fc y B£ Lfc„ *©385tlS*** 2 ICk Lfto 

[0060] goto 2 ) 1 icfe^T. mz—m 
it (i a — i ) aa=-ttsc ( 1 t> - 1 ) TS^ti^y 

U>R*(*:fl!)iB-&ft*. buIB— USiC (I a -3) 

HSj£ (I b-3) T«*n*^yu>SS*fM>B$*Jc 

«*fcMI*«i* , *i««U 3fcW£«5JS*£ US-it 

[0061] (j£$$#j 1 ) mmm 1 ic^^t. mib-as 

iC (I a — 1 ) flgit (I b - 1 ) TSJtlS^'J 

[0062] ataa 2 ) nfitgffli 1 icfc^T. mz-m 

it (I a - 1 ) Rtf— flfift (I b - 1 ) T**n*<^y 
U>RW#©sSd«llC«jlT» 2. 4, 5, 

a-K7;i/*H2-f> (xyhP-»B) SfflfTc^ 



[0 0 6 3] 
[^2] 





tMUl 






550nm 




550nm 




13. 3/xA 


L8wA 


12.0mA 


1. 6mA 




12. 3mA 


1.5mA 


ll.OuA 


1.4mA 


tURMl 


4 2/zA 


0.0mA 


3. 9mA 


0.0 /a A 




13. 8^A 


1.7mA 


4. 7/iA 


0. 1mA 



[0 0 6 4] 

So 

[E11] mil*, mmm 1 Kfcw-*3t¥«i*^ii©»r® 

[02] H2tt. Slttffl 1 fc£tt*3^*tt««©*tt 

[03] 0 3t*. mmm 1 ic&t^mramiowi 

[??^©SiB^] 



1 




2 




3 


I T Oi 


4 




5 


mmm 


6 


mmm 


7 




9 





1 0 mmmm 

1 1 «fl£R»tt 

1 2 *f»3W^ h 

1 3 ar^x-tib 




(72) BUB* 0fS 31- 

»^JI|*mSffiW*ai600Sife »±-t»P 



F£-M##) 5F051 AA14 

5H032 AA06 AS16 EE02 EE20 



